Evidence for an ambivalent azomethine ylide intermediate was provided by the 1,3cycloaddition of deuterated N-benzyl-N-(methoxymethyl)trimethylsilylmethylamine to dimethyl benzylidene malonate and related reactions.
Since the concept of 1,3-dipolar cycloaddition was introduced more than 25 years ago by Huisgen,1) 1,3-dipole species have been known to have an ambivalent property; this is one of the lines of evidence in support of the 1,3-dipole intermediate itself .1),2) However, this fundamental property has not been clearly reflected in experimental findings . In this paper, we wish to describe in detail our work3) aimed at obtaining chemical evidence for an ambivalent azomethine ylide derived from trimethylsilylmethylamine derivatives .
Because the electronic or steric interaction between substituents of a dipole and those of a dipolarophile is considered to affect the regioselectivity , non-substituted azomethine ylide was required in order to reveal the net ambivalence . One of the simplest azomethine ylides has been provided by Hosomi et al.4 ) and by us.5) We designed a deuterated azomethine ylide (3) which was produced in situ by the acid-or fluoride anion-catalyzed reaction of deuterated Nbenzyl-N-(methoxymethyl)trimethylsilylmethylamine (1) . The starting material 1 was pre- pared from N-(benzyl)trimethylsilylmethylamine, methanol, and deuterated formaldehyde by a usual Mannich reaction. Treatment of 1 with dimethyl benzylidenmalonate as an unsymmetrical dipolarophile in the presence of a catalytic amount of trifluoroacetic acid in dichloromethane afforded a 1 : 1 mixture of the pyrrolidines 4a and 4b in 65% yield. The ratio of the regioisomers was determined on the basis of the proton and carbon-13 nuclear magnetic resonance (1H-NMR and 13C-NMR) spectra of the product by reference to the nondeuterated cycloadduct (4c) prepared in a similar manner. The apparent 1H-NMR signal due to the methine proton of 4a and 4b appears as a triplet having relative intensities of 1 : 6: 1 at 4.34 ppm, while the corresponding signal of 4c was also observed as a triplet at the same chemical shift but with relative intensities of 1: 2: 1. These results suggest that the methine protons of 4a and 4b appear as a singlet and a triplet, respectively, which are overlapped. In the 13C-NMR spectrum of 4c, two peaks due to methylene carbon appear at 59.59 and 60.68 ppm with the same intensities. On the other hand, the corresponding two peaks of the mixture of 4a and 4b were observed at 59.92 and 60.62 ppm, and the intensities were decreased in the same ratios in comparison with those of 4c. These observations also indicate that the quantity of non-deuterated methylene carbon of 4a is equal to that of 4b. The experimental results suggest that the negative charge formed by desilylation is delocalized between the two carbons adjacent to the nitrogen atom. Thus, the terminus of the azomethine ylide is an ambivalent nucleophile and electrophile.
Next, we carried out the reaction in the presence of tetrabutylammonium fluoride (TBAF) in the expectation of an increase of 4a owing to two-step cyclization. However, the two regioisomers (4a and 4b) were obtained in the same ratios. Furthermore, we examined the 1,3-cycloaddition of deuterated N-benzyl-N-(phenylthiomethyl)trimethylsilylmethylamine (2) , which is more stable than 1, under similar conditions. The reaction furnished the same result as that with 1, though in slightly lower yield.
These reactions are initiated by the formation of the iminium cation (5) as recognized in a series of 1,3-cycloaddition reactions') of silylmethylamine derivatives (Chart 2). The siliconcarbon bond adjacent to such an iminium cation is liable to be cleaved even by the attack of a nucleophile (except fluoride anion) because the resulting carbanion is apparently stabilized owing to the formation of the azomethine ylide. In the case of the TBAF-catalyzed reaction, such Mannich bases are known7) to be in equilibrium with the iminium cation under various conditions. Therefore, a fluoride anion seems to promote the cleavage of the silicon-carbon bond after the formation of the iminium cation. The concerted mechanism of this reaction is supported by the experimental results described in the previous paper5): In the 1,3cycloaddition of 1' (non-deuterated) to dimethyl maleate and dimethyl fumarate, the stereochemistry at the 3-and 4-positions of the products was concluded to retain that of the dipolarophiles.
In conclusion, we have obtained evidence that the 1,3-cycloaddition of trimethylsilylmethylamine derivatives proceeds via azomethine ylide, the ambivalent property of which is reflected in the experimental outcome. 
